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SUBJECT: Lake Waukomis Dam (Mo. 10691) Phase I Inspection Report

This report presents the results of field inspection and evaluation

of the Lake Waukomis Dam (Mo. 10691). It was prepared under the National

Program of Inspection of Non-Federal Dams.

This dam has been classified as unsafe, non-emergency by the St. Louis
District as a result of the following deficiencies:

1) A large slide area in the downstream embankment slope.

2) Seepage at the right abutment/embankment contact.
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PHASE I REPORT
NATIONAL DAM INSPECTION PROGRAM

WAUKOMIS DAM - MO 10691
TRIBUTARY - LINE CREEK
PLATTE COUNTY, MISSOURI

SYNOPSIS

A. FINDINGS. Lake Waukomis Dam is considered to be unsafe
and a threat to lives and property downstream of the dam.
The 71 foot high dam is used for recreational purposes. It
will be overtopped by a flood greater than 70% of the Probable
Maximum Flood. An existing slide is of very serious concern
since rapid displacement can result in catastrophic failure.
Seepage in the right abutment is serious due to potential
for major piping and abutment scour causing embankment
failure. There are other minor problems of embankment
erosion, left abutment seepage and a long-term, potentially
serious, erosion problem in the spillway outlet channel.
There is presently no system for dewatering the lake. The
owner has engaged private consultants for investigation of
dam problems. A civil defense emergency plan exists, but
procedures for downstream warning apparently need improvement.
The downstream hazard is rated high.

B. RECOMMENDATIONS. City employees and all other responsible
persons should be instructed as to emergency procedures,
especially in the absence/nonavailability of the civil defense
personnel. Immediate action should be taken to improve the
embankment stability, concurrent with proposed investigations.
All actions should be done by such methods required to prevent
a decrease in embankment stability. Investigations and
corrective action should be taken to stop, or significantly
reduce right abutment seepage. Provisions should be made for
emergency dewatering of the lake and long-range plans should
provide for stabilization of the spillway outlet channel
erosion.

S________



GLOSSARY OF ABBREVIAT [ONS AND TERMS USE) IN REPORT
(also see Skztcli Plan and Profit')

Abutmient (Abut) - The valley walls, or an aijacent structure,
against w;hich the dan (embankment) is constructed.

Acre-Foot - The amount of water equal to I surface acre @ I foot
deep, which is 4:3,560 cubic feet or 325,850 gallons.

Bedrock - All in-place rock, to iaclade shale (Sh), sandstone (Ss)
and li-mestone (Ls).

Benchmiark (BM) - A perianent reference marker, usually in metal or
concrete, used For survey elevation and/or location. If
established for short term use is usually identified as a
Temporary Benclhmark (TBM).

Bena - A bench or flat area on an embanknent slope. Usually
slightly sloping, for drainage.

Cast-Iron Pipe - (CIP).

Conduit - A p*pe or tube used to convey water. Nor nally part of the
outlet works between the inlet and the outlet and usually thru
or under the embanknent.

Controllad - A valve or gate in an outlet works or spillay, used to
control the flow (volune or depth) of water. The valve/gate
and stem extensions are sometimes located in a "Control Tower."

Corrugated Metal Pipe - (CMP).

Crest - The top (highest plane) of an embankue-t or spillway floor,
sill Gc weir.

Cubiz! Feet p~er Second (CFS) - A rate of flow. One CPS = 44) gal-
lons per ""nite (gpa).

Dike - A short embaan.nnt used to control or divert the direction of
water flow, i.e.; a training dike. Sometines referred to as a
"tberna" in the field notes.

Downstrean (DS) - In the direction of flow, below the embankment or
spiLlway crest.

Drop Inl,t - Usully a vertical pipe or box, where water flows over
th, open top aad free-falli to theo conduit le.vel.

Dbanknent (Enb) - The earth/rock fill da (or diversion structur2).
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Freeboard - The height between the design maxm water l,.vel nd
the top of dam (TOD).

Grout - A fluil iaiture, usually Portland cim!nt lmd mater, pU-.mped
into the cracks in rock to reduce, or stop, seepage.

Headwall - A vertical wall over (or around) the end of a conduit.
Usually for erosion pcotactio and stability. May be at
either end, but usually downistream.

Horizontal (H) - Level (distance) used in slop2 description.

Inlet - The part of a struetar.e or channel ,Yhere water ente.rs, such
as an orifice, intake pipe or approach channel.

Invert - The botton (flow line) of a conduit or other water passage-
way.

Kansas City District. Corpo of Engio.ers - (KCD).

Kansas Departnent of Transpoo-tation - (KSDOT). State Highway Dept.

Kansas Division of Water Resources - (KSDXIR).

Left (Lt) - As viewed looking downstream.

Length - Distance along the top of dam. between abutmnents. Also,
the ups treau-dowmnstream distance for outlet works and spill-
way s.

Normal Pool - The lake level most of the tme. Usually the outlet
works inlet or the spiTlay crest (if the OW inlet is closed).

Operation and aiitenance - (O&M).

Outlet - The part of a structure. conduit or channel where water is
discharged, such as the dor.wastream end of a conduit or dow. a-
stream of a spillway crest.

Outlet Works (OW) - A water control structare, usually having thre
copon:m t parts; An inlet, conduit and outlet. The lako
level is controll. d by means of a raised inlet (riser pipe)
or valve (or gate).

Pi,.zoter (PZ) - A system- for measuring a sub-surface water level.

Plunge Pool - A pool fo:u:ed by water floing out of a conluit and
eroding tile soil (or rock) belw tlo end of tho conduit.

Probable Maxiini Flood (PMF) - The wocst Clood that could over be
pr dicted Cor a given area.
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Reinforced Conrete Pipe - (RCP).

Right (Rt) - As viewed lookiag downstream.

Riprap - Rock, or other durabl- material, placed on slopes, banks

and channel floors to prevent Prosion. Also called stone
protection or slope protection. May be graded or rLidom size.

Seepage - A flow (aly quantity) of 4ater thri, unde-r ot: around a dam.

Sill - A structure to maintain a lvel flow across a channel and to
control headward erosion.

Sinkhole - A hole in the ground surface, caused by collapse of nater-
ial into an underground hol,.

Slope - The upstream and downstream faces of a dam. Also, a channel
floor and sides, but normally not for vertical 4alls.

(Slopc Anle) - Normally designated as the
relationship of the rise to the run, i2.;
a vertical distance to a horizontal dis-
tance. The USCE normally refers to the I
rise on the run (1V on 2H) whereas the SCSrefers-to the run to the rise (2:1 = H:V).

Soil Conservation Service - (SCS). (US Department of Agriculture).
Spillwav (SW) -A structure norially designed to prevent overtopping

of a dan. Reference types, by usaige, are:

Service - Normally passes all outflow froin the lake, usually
where there is no outlet works or the inlet valve/gate is
closed.

Lbai.ted Service - Normally passes flows (flood) in excess of
the outlet works capacity.

EmeVrgncy - Norwally a second spillway, at higher crest eleva-
tion t'ian the service or linited service spillway, which will
pass all flood i-iters in excess of the capacity of the othor
control structures.

NOTE: The SCS usu.:tlly refers to the outl-t works as a
"principal spillway" and other outlets/channils as
"enrgtency .spil:ways."

Standird ??rojct Flood (SPF) - The worst flood that could usually be
eoected, in a given drainages basin.
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Stilivg Iasin (SB) - A sub-structure at the danstream end of the
oul:l:!t o .ks ot" spillway, design-ed to dissipate the flow
energy and rediuo erosion.

Shoulder - Used to designate a change in slope, such as the top of
dan (crest) and uipstreaui slope contact, or the edge of a bern.

Toe - The bottoio edge of an embanknent (or slope), nortially used in
referenc -2 to the contact with the valley floor as opposed to
cotact with an abutment.

Uncontrolled - An outlet wors or spillway with no valves or gates.

U.S. Am y Cocps of Eniaee2rs - (USCE).

Vertical (V) - Height used in slop:. description.

Wi.th - The upstream-dowinstream dtiension of an embanknent, or the
dimension across a channel or rectangular conduit.

Weir - An elevated sill, or wall, usually with a curved section. as
follows ---
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PHASE I REPORT
NATIONAL DAM INSPECTION PROGRAM

WAUKOMIS DAM - MO 10691
TRIBUTARY - LINE CREEK
PLATTE COUNTY, MISSOURI

1. Authority. The damn was inspected under provisions of the
National Dam Inspection Act, Public Law 92-367, 8 August 1972,
in accordance with guidelines prepared by the Department of
the Army, Office of the Chief of Engineers. The St. Louis
District, USCE, is responsible for inspection of dams in
Missouri; however, the Kansas City District agreed to inspect
a limited number of these in the Kansas City Metropolitan
area. Permission for entry was obtained from the owner's
representative.

2. Inspection. The inspection was conducted on 28 June 1978
by members of the US Army Engineer District, Kansas City,
accompanied, part time, by Mr. W. C. Fisher, Director, Lake
Waukomis Association.

3. Description.

a. Owner: The Lake Waukomis (Homeowner's) Association,
City of Lake Waukomis, Kansas City, Missouri.

b. Location: The dam is located in the SA'. Section 17,
Township 51 North, Range 33 West, Platte County, Missouri, in
the southeast corner of the city of Lake Waukomis and bounding
the~ city limits of Kansas City. The dam is on a tributary of,
and about one mile upstream of the confluence with, Line Creek,
a tributary of the Missouri River.

c. General: The 71 ft. high dam impounds a normal lake of
80.0 surface acres and 1,310 acre-feet storage, and is used
for recreation. The lake level is controlled by a right
abutment service spillway and there is no outlet works.
Seepage from the left (East) abutment is collected in a left
valley pond and pumped back into the lake during periods of low
rainfall. The downstream end of the spillway slab serves as a
section of an access road across the dam.

d. History: Available records were limited and the history
presented hereinafter was developed from those records supplemented
by verbal information. The dam was designed by Lake Development
Enterprises, Inc., St. Louis, Missouri, as a recreational
impoundment. Construction was started in 1945 by 1Riss Bell
Contractor, Kansas City, Missouri. The completion date and any



other contractors involved is unknown. Subsequent to construction,
a seepage problem apparently developed in the left abutment ridge
which was studied (1963) and grouted (1964 & 1965) by the
P.S. Judy Co., Kansas City, Missouri. The design grouting
was reportedly not completed due to problems with access onto
private property; however, flows were reportedly reduced about
80%. In 1966, a study and Plans and Specifications were made
by Larkin & Associates, Kansas City, Missouri, rel.ative to
spillway widening and an embankment raise which incorporated
a two-lane roadway across the dam. Construction of this work
was performed by the Damon Pursell Construction Co., Kansas
City, Missouri, during late 1966 or 1967. A study to evaluate
dam safety, replacement cost and monitoring and inspection
programs was made by Woodward-Clyde Consultants, Kansas City,
Missouri in 1976. This study reported displacement (slide?)
conditions in the left embankment and seepage and hydrologic
conditions and recommended further studies. Siltation studies
and proposals were made by Larkin, during 1977, and dredging of
the lake was in progress during the inspection. A series of
four lines of settlement/displacement pins were established on
the embankment in 1977 by Anderson Survey Co., Kansas City,
Missouri and resurveyed in 1978 with both horizontal and vertical
displacements noted. The owner has a continuing program with
private consultants for study and analyses of deficiencies.

d. Embankment. The earthfill embankment has a crest length
of about 785 feet and a height above the downstream channel of
about 71 feet. Crest width is about 20 feet. The downstream
slope is about lV on 2H except for the top 5± feet which are
about lV on lH. The upstream slope is about lV on 3H except for
the top 5 to 7 feet, which ranges between lV on 111 and lV on 2H.
No embankment design or construction data are available; therefore,
interior zoning and foundation treatment are unknown. The 1966
modification raised the (design) crest elevation to 945.8 feet
m.s.l. (based on a USGS map elev. of 939 ft. for normal pool).
Two pipes extend thru the embankment, from 3 to 4 feet below
top-of-dam. The lowest is a 6" steel pipe about 300 feet
from the left (east) abutment and is used for return of water
from a seepage collection pond in the left, downstream, valley.
The other pipe is 81' pvc, about 500 feet from the left abutment,
which is a discharge line used to convey dredged material to a
pond in the valley center at the downstream toe of the embankment.

e. Outlet works. There is no outlet works.

f. Spillway. The existing service spillway is an uncontrolled,
concrete lined, curved chute about 300 feet long and tapering from
61 feet wide at the upstream (crest) and to 35 feet wide at the
downstream end. Crest elevation is 939.0 ft. m.s.l. (USGS) and
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the downstream end elevation is 933.8. Spillway discharge is
into a tributary of the impounded stream, separated by a narrow
ridge, and plunging over limestone and shale to the stream bed
about 48 feet below.

4. Available Engineering Data. Engineering data obtained before,
during, and after the inspection consists of:

a. "Investigation of Leakage - Lake Waukomis Dam",
Philip S. Judy, Co., Kansas City, Mo., undated report (believed
to be late 1963 or early 1964). The Judy Company reportedly has
extensive (inactive) files on Lake Waukomis and may have a set of
original plans.

b. "Dam and Spillway Improvements - Lake Waukomis - Platte
County, Missouri", Larkin & Associates, Kansas City, Mo., reports
and contract documents dated Feb - Jul 66.

C. "Earth Dam and Spillway Facilities - Lake Waukomis - Kansas
City, Mo.", Woodward-Clyde Consultants, Kansas City, Mo., report
dated Nov 76.

d. "Plat of Survey" (embankment alinement), Anderson Survey
Co., Kansas City, Mo., prepared June 1977 and revised (re-survey)
June 1978.

e. "Siltation Study", Larkin & Associates, report transmitted
June 1978.

5. Inspection Findings.

a. Operation and Maintenance Program. There are no outlet
works or spillway gates requiring operation. Water return from
the downstream seepage collection pond is currently done only
on rare occasions. This pond was being pumped during inspection
to replace water loss from dredging. No regular technical
inspections are made; however,there is an understanding that
any changes or unusual occurrences noted by anyone will be
reported to the board of directors. During heavy rainfall, the
City Chief of Maintenance (or other designated person) maintains
a watch on spillway flows and on the embankment and photographs
are taken of the high flows. The city has a Civil Defense
Director and coordination with higher level CD agencies. Emuergency
procedures are not clearly understood by other city employees
or residents. Scheduled maintenance consists of spraying (brush
and weeds) the embankment in the spring and hand cutting in the
fall (too steep to mow). Other maintenance is performed as required.
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b. Emnbankment. Field observations indicate that the
embankment is constructed primarily of valley and terrace
alluvial materials consisting of lean clays and occasional
gravelly clays which are from reworked, upland, glacial till.
The foundation is shale and limestone, probably with a thin
veneer of alluvium in the valley and a cutoff trench, to bedrock,
under the crest section. The lake level was at the spillway
crest. The upstream slope was riprapped and in good condition
with only minor erosion and stone displacement. The downstream
slope had tall grass, moderately sparse brush, small tree growth,
and had been recently sprayed. There was moderate brush and
medium sized tree growth on the downstream toe. A siltation
(settling) pond extends across most of the valley, adjacent to
the toe. There was moderate erosion, seepage and brush growth
at the left (east) embankment/abutment contact. On the right
embankment/abutment contact there was minor erosion, heavy brush
(and some tree) growth and significant, locallized, seepage
about 30 feet below the dam crest. The crest roadway had
evidence of both horizontal and vertical displacement, in an
approximate 150 ft. wide arcuate zone of cracks with the apex
at the upstream guardrail about 400 ft. from the left abutment.
Both upstream and downstream guardrails had pronounced vertical
drop and downstream horizontal displacement, in the arcuate zone.
The remainder of the guardrails had a slight inclination away
from the roadway. Level readings, by the inspection team, indicate
the displacement zone to be lower than the remainder of the
crest; however, the crest is from 0.29 ft. to 1.45 ft. above
design grade. Levels run on four lines of pins, by the Anderson
Co., indicate maximum vertical movement of 0.07 ft. and maximum
horizontal movement of 0.10 ft. from June 1977 to April 1978.
The displacements are indicative of an active slide, and the
absence of cracks or bulges on the downstream slope indicate
a deep-seated slide. There was no evidence or report of embank-
ment overtopping.

c. Outlet Works. None

d. Spillway. The spillway appears to be in relatively
good condition. There was minor erosion at both sides of the
downstream end, where lateral (road) ditches entered the
spillway channel. The left ditch showed recent repair with
earth/rock fill. Downstream of the spillway slab the Spring
Hill and Merriam limestone members are being ravelled by scour
action, in open joints, and by block slumping/plucking. The
plunge (pool) is stepped abcut the middle of the Bonner Springs
shale and bottoms on a 2.3 ft. thick limestone bed, about 48
feet below the spillway slab (lip).
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e. Other. Silt was being dredged from the southwestern
arm of the lake and deposited in the ponding area at the
downstream toe. The Lake Association has a current contract
with Woodward-Clyde Consultants for monitoring and evaluating
dam conditions.

6. Hydrology. The upstream drainage area is 1.9 square miles.
Available reservoir storage is 660 acre-feet between the spill-
way crest and top of dam, with a normal lake area of 80 acres.
A maximum pool stage of 947.3 ft., m.s.l. would result from
the Probable Maximum Flood (PMF). The lowest top of dam
section would be overtopped a maximum of 1.3 feet, with a total
duration of overtopping of about three hours. Lake Waukomis
would be capable of passing approximately 70% of the PMF
without overtopping.

7. Stability. In order to determine the safety factor of the
embankment slope against sliding, a comprehensive sampling
and testing program (or an analysis of design and detailed
construction records and tests) would be required. That is
beyond the scope of this Phase I report. The average strengths
necessary for various safety factors can be determined by a
simplified analysis. The guideline criteria require a minimum
safety factor of 1.50 for the downstream slope under normal
pool conditions. Assuming an average shear strength for the
embankment and foundation, the following safety factors were
determined:

Average Strength Safety Factor

tan 0 = 0.60, cohesion = 0 tsf 0.86
tan 0 = 0.70, cohesion =0 tsf 1.00

It is estimated that the actual strength would be less than tan 0
0.70 and cohesion = 0 tsf. From this it is estimated that the
safety factor of the embankment is less than 1.00, which is
substantiated by the active slide area observed.

8. Seepage. Minor seepage was noted along the left abutment/
embankment, with moderate seepage issuing from the right abutment
ridge about 100 to 200 yards downstream of the dam. Minor thru
seepage is apparent, from vegetation type at the toe of the
slide area and downstream of the toe in the valley section.
Serious seepage was noted at the right abutment/embankment
contact, about 30 feet below the embankment crest. The seepage
is at the level of the Merriam limestone and flow was estimated
at about 400 gpm. The estimated flow during 1976 inspection
(Woodward-Clyde) was 150+ gpm. No turbidity was observed,
however, vegetation, debris and large stones (dumped) obscured
the flow. A minor amount of seepage from under the downstream
end of the spillway slab was also noted.
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9. Downstream Hazar -d. A high hazard opinion was unanimous. In
the event of a sudden dam failure at least 16 residences were
considered to be endangered in the first mile downstream, with
more along Line Creek.

10. Conclusions.

a. The hazard rating is high and the dam is considered to
be unsafe.

b. There is serious concern over the stability of the embank-
ment in the displaced zone. Visual evidence and engineering
data indicate a deep-seated active slide, extending from the
upstream crest, thru the embankment and foundation, to the
downstream toe. Embankment failure, with catastrophic results,
could occur at any time and especially after heavy rainfall
and/or a rise in the lake level.

c. The right abutment seepage is considered serious
due to potential for rapid erosion and subsequent failure of
the embankment. Left abutment seepage is considered to be less
serious but has the potential for increasing.

d. The capability to pass 70% of the PMF does not meet the
guidelines criteria of passing 100% of the PMF. Furthermore, due
to the presence of the active slide any overtopping would
probably result in a very sudden failure. Any pool stage
that approaches the top of dam could precipitate a dam failure
due to increased saturation of the active slide or increased
forces on the dam.

e. None of the erosion is serious but will require
continuing maintenance. Erosion of the spillway plunge-pool
face is a slow, but progressive, action which will eventually
result in loss of the access road and lower end of the spillway
slab, unless halted.

f. There is no permanently installed means of draining
the lake, in the event of emergency or for repair work.

11. Recommendations.

a. Familiarize all city employees and owner's governing
board in emergency (warning) procedures.

b. In addition to current instrumentation and engineering
studies, the owner should initiate construction of a downstream
toe berm using an interior drainage system or pervious material
(rock), or lower the lake level.

c. Use dry methods only, when drilling and/or installation
of instrumentation devices. It is possible that introduction
of liquids into the slide area could cause additional movement.

6



I
d. Initiate studies of the right abutment seepage, to

include accurate flow measurements. Any program for future
grouting should include lowering the lake level to below the
Merriam limestone ledge (prior to and during grouting).

e. Monitor left abutment seepage for both flow rate
and turbidity.

f. Consider rock-bolting and slush-grouting of the
Plattsburg Formation at the downstream end of the spillway and
possibly construction of a protective facing from the spillway
to the plunge pool.

g. Provide permanent drawdown facilities. One means would
be by modification of the existing left abutment, seepage-water,
return system.

PAUL D. BAR~BER

/ ~ief, Engineering Divisi.onI

7



EXECUTIVE OFFICE
STATE OF" MISSOURS

JEFFERSON CITY
JOSEPH P. TEASOALE

GDONEW%Oft

September 13, 1978

Colonel John S. Wilkes, III
Acting District Engineer
Corps of Engineers, St. Louis District
21Q North 12th Street
St. Louis, Missouri 63101

Dear Colonel Wilkes:

This is in response to your letter of August 24, in which you
identify Lake Waukomis Dam in Platte County, Missouri as unsafe
(albeit in a non-emergency category), and supply this office with
a copy of the Corps' Draft Inspection Report (PhaseI). We want
to thank you for making this report available to us for comment
and opportunity for action.

Geologists of our Division of Geology and Land Survey (DNR) have
reviewed this report. They concur with the unsafe designation and
point to data extending back to 1963 that suggests even more concern
than is implied in your report. Records of visits by State Geo-
logical Survey staff since 1963 tend to emphasize the need for
immediate attention. Their technical comment is provided in the
attached memorandum.

As a result of your report, I am greatly concerned about the safety
of persons downstream of Lake Waukomis and of course, about the
value of the lake to the lake residents. I understand that accord-
ing to your present repcrt. Perhaps in this instance, my greatest
service would be to attempt to emphasize my concern directly to
the owners association, urging them to adopt the recommendations
that your final report includes. I will also ask W. B. Howe, State
Geologist and Director our Division of Geology and Land Survey
to make immediate contact with the Lake Waukomis (Homeowners)
Association, City of Lake Waukomis, and with Kansas City authori-
ties. I anticipate such liaison will assist the Homeowners Associa-
tion and City authorities of Kansas City in implementing repair
procedures.

The report on Lake Waukomis is an excellent example of the benefits
of the National Dam Inventory and Inspection Program. As I have
noted, state personnel were aware of problems at Lake Waukomis.
However, the Inspection Report furnished by your office served
to focus much needed attention on tnose problems by engineering
documentation. It is that type of report that is required to

----------------------------------,I



Colonel John S. Wilkes, III

September 13, 1978
Page 2

document the need for immediate attention and repair on dams that
are unsafe and pose a threat to persons downstream.

For your records, I am attaching a copy of my letter to the Lake K
Waukomis Homeowners Association.

Very truly yours,

JPT :cam

Enclosure



MEMORANDUM

TO: Wallace B. Howe

FROM: James H. Williams

SUBJECT: Comments by J.H. Williams on Waukomis Dam, Corps of Engineers
Report Dated 24 August 1978

DATE: September 5, 1978

1) Additional background data in DG&LS files should have been reviewed be-
cause of significance relative to changes in leakage conditions.

2) I believe hazard may be even greater than Corps report implies because
of background data as follows:

1963, Oct. 29 - J.A. Martin reports leakage left abutment, no mention
of right abutment. I infer from that no leakage.

1963, Nov. 22 - Bill Whitfield, Judy Company, grouted left abutment.
He reports that no leakage or slides in right abutment.

1968, Dec. 12 - J.H. Williams reports leakage left abutment, none in
right abutment. Spillway repaired as of Dec. 1968 but Bonner Springs
shale being eroded back under Plattsburg.

The significance is this. The condition as now appears to exist represents
a major change occurring some 30 years after construction. This major change

involving significant leakage, likely through the Spring Hill, and perhaps Mer-
riam is affecting a shale beneath, the Bonner Springs. If this is occurring at

the dam-abutment contact, there are serious implications. The old left abutment

leakage did not occur at the dam-abutment contact. Therefore, I believe, from
reports only, not having seen the site recently, that there is a need or urgency
not implied in the Corps report.

I disagree with the Corps of Engineers recommendations to this point:

a) Grouting should not be even suggested at this stage due to possible
creation ot pore water pressures that could cause problems at the dam-shale

abutment contact.

b) It is of little value to dramatize civil defense given no means to

assure continued training of persons involved, it will fail when critically
needed.



W. B. Howe
September 5, 1978
Page 2

I recommend in this order and note as immediate priority recouvmendations:

a) Immediately begin or continue, as the case may be, stability study of
dam by persons experienced in the design and construction of earthen dams.

b) The right abutment seepage is considered serious due to potential for
rapid strength loss in the shale and piping of the fill. Investigation must
focus on that.Left abutment seepage is considered to be less serious but has
the potential for increasing.

c) The slide as noted in the Corps report is considered serious. Investi-
gation must also immediately focus on that.

d) The other Corps recommendations are appropriate but of less priority.
However, in a situation as this, I question that any specific recommendations,
such as grouting or berming even be mentioned. Obviously, the lake owners will
be hard pressed being the owners of an expensive dangerous structure. Even
though their sincerity is not in question, witness the fact they have employed
consultants which is an exception to the rule in Missouri, they are faced with
the need to react. Given the circumstances, one reaction could be to follow
the specific recommendations in the report to the point of retaining a consul-
tant in the form of a grouting firm to grout. This is not what is needed, and
could do more harm than good. The consultant does what he is hired to do. He
is not a dam expert, doesn't pretend to be, hopefully, and the lake owners have
reacted to the report.
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ID = :0 10591

Name of Dam

T!aukomis
Mane of Quad

NATIONAL DA,!, INSPECTION PROGRAM
REPORT OF FIELD INSPECTION Parh.ville (-o.)

Rate 6/23173
GENERAL

1. Name of owner: Lako Waukomis Association
969 South Shore Drive, City of Lake *iaukomis

Mailing Address: lansas City, Nfo. 64151

2. Location
County Platte

Section SE 17 Range 33 w Township 51 N

3. Is location shown correctly on county map?

(X) Yes (correctly)
( ) Yes (incorrectly)
( ) No

4. Is dam on inventory?

( X) Yes (corrections attached)
( ) No (completed form attached)

5. Type of dam (check all appropriate)

(X) Earth and/or rockfill (use MRK A)
C ) Concrete and/or masonary (gravity) (use MRK B)
( ) Other

Explain

6. Type of spillway (secondary spillway)

Controlled Uncontrolled Typ Use Form

( ) ( ) Pipe or Conduit MRK C
( ) (X) Chute or notch MRK D
C ) ( ) Overfall blank sheet
C ) ( ) Other

Explain Concrete lined chute Tith

no weir (sill) or stilling basin

7. Type of outlet works (primary spillway)

( ) Controlled
C ) Uncontrolled
(X) Other none
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ID WkC ':0 10691

8. Do the following exist?

Yes Yes, Not Don't

Inclosed Inclosed No Know

Design data ( ) C ) C ) Cx)
(partial) Plans and specs C ) CX) ( ) ( )

Shop drawings C ) C ) C ) (X)
As builts ( ) C ) C ) (x)
O & M anuals ( ) ( ) C ) Cx)
Inspection Reports C N ) C ) C ) ( )

Remarks (Include Owners AE or source of info) Owners aware of

the oroblems, (Studies by Woodward/Clyde, Larkin and Jud,') et al.

Specs for original construction and P&S for emb. raise & S.7 modification.

9. Is there any flood warning system at the dam?

( ) Yes (X) No
Remarks

10. Is there any evidence that the dam has ever been overtopp'ed?

(X) No C ) Yes
C ) High water marks
C ) Erosion
C ) Evidence of repair
( ) Verbal reports
C ) Other
Explain.

ii. Estimate the degree of lake siltation.

C ) No noticeable siltation in lake

C ) Some minor amount of siltation
(X) Lake has major amounts of siltation

Remarks Dredging 1TJ portions out now.

IM
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The above list was ended 
because:

( ) We do not feel that points further dow:nstream are seriously
threatened by the dam

(X) We have already established a very high downstream hazard,
but further downstream hazard exists

( ) We cannot tell, further study is needed
( ) Other

Explain

13. Are there any type of instruments on the dam?

(X) No ( ) Yes
( ) Nonumentation
( ) Piezometers
( ) Weirs or other water measuring device
( ) Other

Explain

14. Give your overall opinion of the downstream hazard potential.
Can't

Team member 1. High 2. Significant 3. Low Decide

R. Johnson (X) ( ) ( ) C )

R. Browning (X) () () ( )

R. Schwartz (X) ( ) C ) ( )

W. Strobach (X) C ) C ) C )

Category Loss of Life Economic Loss
(Extent of Development) (Extent of Development)

Low None expected (No per- Minimal (rural or agri-
manent structures for cultural areas where
human habitation) failure may damage farm

buildings, limited agri-
cultural lands or town-
ships and country roads)

Significant Few (No urban develop- Appreciable (Predominantly
ments and no more than rural or agricultural areas
a small number of where failure Tray damage
inhabitable structures) isolated homes, secondary

highways or minor railroads)

)
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ID IS: :!0 10691

Iligh More than few Excessive (Serious
damage to homes, extensive
agricultural, industrial
and commercial facilities,
important public utilities,
main highways or railroads)

15. Information on upstream drainage area.

Check one that best describes relief:

( ) flat lands
( ) low hills
( ) steep hills
(X) other

Explain Rollin unland

Give approximately percentage of each:

Urban 20 0/-

Timber "l-
Grass land 30 'V

Crop land %

Explain

Total 100"

Remarks ( give any information that would help evaluate the runoff

characteristics of upstream drainage area) (Dams, US, etc.)

T eavv timber and brush US of developed (housing) area.

16. Check which item best describes the condition of the channel
upstream of the lake.

( ) Clear of debris, trees, etc.
( ) Some minor debris in channel and a few trees periodically

in channel
(x) Much brush in channel and many trees adjacent to channel

Remarks
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ID KE 11O 10691

17. On a separate sheet, sketch the overall plan of damn and spillway
and outlet works. Describe features not adequately shown on

sketch or photos. Include photos as necessary to show features.

See inclosed sketch plans, profiles and photos
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ID KS MO 10691

Wat recommendation do you have for improving the safety of the dam?
(Discuss Feasibility of improvements.)

1. Add pervious material as a downstream berm across valley section.

2. Grout right abutment - check left abutment too for possible grout-

ing.

3. Rock bolt upper limestones. Check on paving the outlet.

Shape and butter with concrete.

Participants in the dam inspection:

Name Title Agency

R. Johnson Engr Geologist USCE

R. Browning Soils Engr USCE

R. Schwartz Hydro Engr USCE

I.. Strobach Struct. Engr USCE

Uist of attached forms:

( ) Eng Form 4474
( ) Eng Form 4474A
(X) County rap & other (specify) Extracts of USGS quad shoots
( X) MRK Form A - Embankment Dam

R( ) ,IK Form 1_ - Concrete or Masonry Dam
( ) !:RK Form C - Pipe or Conduit
(X) MRK Form D - Spillway
(X) MRK Form E - Surface condition of concrete

(x) IMRK Form G - site Geology
X) 22 Photograrhs

C ) ther. (list)
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Embankment Dam

1. On a separate sheet, draw one or more sections through the dam. Show
crest width, height, slopes, location of outlets, slope protection, water
surface, high water marks, eroded or damiaged areas, seepage, etc. Use
datum established in question. Describe features not adequately shown
on sketch. (Attach photos) (How constructed, history of project, etc.)

loni h~ ~71'

2. Are there any signs of instability?

(X )Cracks
()Creep
()Sloughing
() Irregularities in crest or waterline

(X Excessively steep slopes
(X) History of sliding
()other 1966

Explain Dam was raised (a reported)~ 10 ft. (12 yrs. tgo) probably

surcharged a borderline steady seepage condition.

Give your opinion of the stability of the dam.

()Embankment has no visible stability problems and may meet
criteria set forth in the guidelines

( ) Embankment has no visible stability problems but probably docs
not meet the criteria set forth in the guidelines

( ) Embankment has minor stability problems but unlikely to lead to
failure

( ) Embankment has stability problems which if not corrected could
lead to failure

( X) Embankment has serious stability problems which could lead to
failure at any timre

MRlK A
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( ) Other
Explain There is a slide in the valley reach (incipient -

barely visible), but probably deep-seated.

3. Is there any evidence of seepage?

Yes No N/A Can't Tell
(;:[) ( ) C ) C ) Downstream slope
( ) ( ) ( ) ( ) Downstream of cam
(X) ( ) ( ) C ) Left abutment (look-

ing downstream)
(X) ( ) ( ) C ) Right abutment (look-

ing downstream)
(X) ( ) ( ) ( ) Around structure
( ) ( ) ( ) ( ) Other

Explain fully (quantity, turbidity, location, point source or general

area, etc.) There is serious abutment seepage (est. 400 gpm) on rt. inter-

cept. Some left abutment seepage - less serious, some minor under-

seepage and very minor thru seepage in valley section. Appears to

have minor seepage from under SW slab, DS ind

Give your opinion of seriousness of seepage.

( ) Unlikely that it will become a problem in the folseeahle future
( ) May or may not become a problem
(X) Is a problem but not likely to lead to failure (left abutment)
(X) Is presently a problem which if not corrected could lead to

failure (right abutment)
( ) Serious problem which could lead to failure at any time

Remariks: The abutment seepages are serious, (especially right abut-

ment). Recommend monitoring and possibly grouting.

A 2
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ID S 1O 10691

4. Is there any evidence of erosion?

Yes No N/A Can't Tell

( ) (x) ( ) C ) Upstream slope
CX) ( ) C ) ( ) Downstream slope
( ) (X) C ) ( ) Crest
( ) ( ) C ) ( ) Around structures

CX) ( ) C ) ( ) Right abutment (looking
downstream

( X) ( ) ( ) C ) Left abutment (looking
downstream)

(X) ( ) ( ) C ) Others

Remarks Spillway outfall plunge pool - minor erosion at intercepts

of embankment/abutment.

Give your opinion of the seriousness of the erosion.

CX) Unlikely that it will become a problem in the forseeable future
( ) ~ay or may not become a problem
( ) Is a problem but not likely to lead to failure
( ) Is a problem which if not corrected could lead to failure
C ) Is a serious problem which could lead to failure at any time

Describe material being eroded - estiimate uniform soil classification.

Spillway - shale and limestone. Embankment - lean clay (CL-A/B)

Is there any evidence of dispersive clays? ( ) Yes CX) No

Eyplain

Is there any sloo'e protection on the embankment? (X) Yes C ) No

Describe (type and condition) Limestone - appears to be"auarry run"

or "as excavated", moderately deteriorated (freeze-thaw) but well

interlocked. No problem areas noted.

MRK A 3
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ID KS MO 10691
)

5. Ceneral condition of dam - maintenance, mowing, trees in embankment,
animal burrows, etc.

Needs mowing and tree spraying; otherwise, well maintained,

6. Based on the exposed material in the downstream channel and other
,-hysical evidence, describe the foundation material.

Lcan clay soils overlying shales and limestones.

MR' A 4

dPJ
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ID E NO 10691

7. In your opinion, is there anything about the embankment which
warrants special consideration in deciding whether or not to perform

a more detailed investigation? (X ) Yes ( ) No

If yes, why? Also, what specific problem or questions should the
analysis try to resolve?

The embankment stability should be studied further. Right abutment

end-around seepage is serious, The embankment is in a state of full

embankment failure. It needs only a surcharge pool and wet seasonal

conditions to generate a rapid , massive slide resulting in a full

breach of the dam. This might not occur for several years, but it

could occur next week. The seepage conditions are very serious and

are additive to the shear problems. A piping (solution) failure is

also a possibility.

MPK A 5
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Spillway Data

1. Give name of feature inspected (as shown on drawings, common usage,
etc.)

()Emergency spillway
()Secondary spillway

(X) Other service spillway
Name M 230' concrete lined

2. On a separate sheet, draw a plan of the spillway and one or more
cross-sections of the spillway which show dimensions, location of con-
crete sills, etc. Show the elevation of the top of the dam in relation
to the spillway crest. Describe features not adequately shown on the
sketch. Attach photos.

61'

7 El. 103.50

S pillway

Spillway walls 5.5 feet high at downstream end.
36'

PLAN

3. is there any evidence of erosion?

Yes No N/A Can't Tell
() ( ) ( X) ()Spillway floor
() (X ) ( ) ()Spillway side slopes

( (X) ( () Around control sill

Other. Explain adjacent

to downstream end of
spillway slab. Rock has
been placed in eroded areas.

Give your opinion of the seriousness of the erosion.

()Unlikely that it will become a probiem in the forseeable future
()May or may not become a problem

) ( )Is a problem but not likely to lead to failure

VRK D



Sheet 14 of 21

Date 6/28/78

ID K 10 10691

t ( ) Is a problem which if not corrected could lead to failure

( ) Is a serious problem which could lead to failure at any time

(X) Other
Explain Is not a problem now to the spillway slab, but

mav casue future problems and should be monitored. Will probably

recuire minor intermittent maintenance.

4. Describe the material in which the spillway is constructed. Estimate
the uniform soil classification if in soil or type of rock and formation
if in rock.

Shales and lirestone

5. Check all the applicable items which describe the spillway.

( ) Gated spillway
(X) Lined with concrete or slope protection
( ) Concrete control sill
( ) Unlined in soil
( ) Unlined in rock

Remarks Plunge pool over Ls and shale to tributary valley floor

with about 44' drop onto a 2' thick limestone level.

6. Are there any spillway gates?

(X) No
( ) Yes (Form inclosed)
( ) Yes ( Form not inclosed)

Explain

MRK D 2
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ID X :1O 10691

9
7. Give your opinion of the general condition of the spillway.

Spillway appears to be in good condition.

8. Are there any obstruction to flow through the spillway? (U.S. or D°S)
( ) Yes (X) No

Describe

9. In your opinion would a spillway discharge have a tendancy to erode
the embankment?

(X) No
( ) Yes
Describe

10. In your opinion, is there something about the spillway that warrants
special consideration in deciding whether or not to make a more detailed
investigation? (X) No ( ) Yes

If yes, why? Also, what specific cuestions do you think should be answered
by this investigation?

11. As a long-range project, recommend clean out and slush grouting

of open joints in limestones below spillway slab, possibly supplemented
with rock bolting and reinforced gunite. Long term erosion will eventually
result in loss of roadway, unless checked.

MRK D 3
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Surface Condition of Concrete

(from ACI Report 65-67)

1. Identify the feature for which this section applies.

(61' wide slot x 7' deep at inlet)
U type snilluay (35' wide slot x 5.5' deep at outlet)
(U!alls appro-imately 240' long)

2. General condition of concrete.

(N ) Good
( ) Satisfactory
( ) Poor
Remarks

3. Cracks. CX) Yes ( ) No

Direction Width

(X) Longitudinal (X) Fine (less than I mm)(i/32") (.03")
C ) Transverse ( ) Medium
( ) Vertical ( ) Wide (more than 2 nun) (5/64") (.C6")
( ) Diagonal
( ) Random

Type Mineral izat ion
( ) Pattern Cracking ( ) leaching
( ) Checking ( ) efflorescence

(X) Hairline cracking ( ) deposition
( ) D-cracking

Describe. (Sketch or include :-hot, if significant) 4'+long vertical

hairline craqks above 8 of the tile drains in the wall. A few longi-

tudinal hairline cracks in the middle of the spillway floor at the entrance.

4. Scaling. ( ) Yes (X) No
Describe (depth & extent)

MRK E
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Severity

C ) Moderate (no loss of C.A.)
( ) Severe (loss of C.A.)
(Give depth of scaling)

5. Exposed steel. ( ) Yes (X) No

Separately describe and photograph each area.
Agent: ( ) Corrosion C ) Erosion C ) Spalls ( ) Other
Location:
Extent: Depth:
Condition: ( ) Good C ) Fair ( ) Poor ( ) Disintegrated/

Missing
Type: ( ) Rebar C ) Beam C ) Plate ( ) Mesh ( ) Other

Remarks (location, extent, depth):

6. Spalls. ( ) Yes (X) No

Size
( ) Small (less than 2 cm deep and 15 cm long)
( ) Large

Describe

7. Is (are) there any:

C ) Honeycomb ( X) None
( ) Stains
( ) Popouts
( ) Previous patching or other repair
( ) Chemical attach

Describe

NR V E 2
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8. In your opinion, w.hat is the effect of the condition of the concrete
on the safety of the dam?

(X) Little or none
C )May create operational problems, but no safety problem
( ) If uncorrected, could eventually become a safety problem
( ) it is a safety problem that could result in a large uncontrolled

release of water
( )other

Explain _________________________

Remarks____________________________ ___

MRK E 3
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tSite Geology

1. Does dam or lake abut a narrow (less than 1000') ridge?

( ) Yes ( ) No both, at higher levels

2. Is there any evidence of where the material for the embankment
came from?

(X) No
( ) Yes
Describe location and probable material type (unified soils clas-

sification system) Probably most from US valley alluvium - reworked

glacial and residual soils - gravelly clays (CC) to Lean Clays

(CL-B&C).

3. Is there any evidence of rapid erosion (deep, narrow, watercourse)?

(X) Upland
(' ) Valleywalls/hillsides
( ) Valley
Describe Upland in loess and -lacial CL-I, mnaterials.

Valley .ialls generally at drainage concentrations,

4. Is there any evidence of sliding or slumping in natural soil or
rock?

(X) No
( ) Yes
Describe none in immediate area

5. Are there any sinkholes or surface depressions?
(X) No
( ) Yes
Describe None noted, however. surficial bedrock units have wide.

solutioned joints and occasional small, filled, cones .- sinkholes.

MRK G
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6. Are there open or solutioned joints/bedding planes?

( ) No
(X) Yes
Describe All- lizestone units har' joints frorn fi.n to 9-!- vide

(surficial units). Seepage from Joints, and from bedding Planes

in both limestone and shale.

7. Does normal lake level appear to be related to geology rather than
to control structures, ie.: limestone, sandstone or pervious soils
unit exposed at water level along shoreline?

( ) No
(X) Yes
Describe. Include height below top of dam, spillway and outlet

works intake. Limestone and shale from end nf I Thh ( lM 1

TOD to 29' below TOD. Seepage from Ls units in both abutments.

collected in ponds and pumped back.

8. Do any exposed bedrock members, below top of dam, have soft clay
seams?

( ) No
(X) Yes
Describe (thickness, height below top of dam, statigraphic relation-

ships). Sketch if necessary. Shales generally 41 ft. thick below/

bev.,een limestones from S74 slab to top of Bonner Springs shale R. 29

ft. below¢ TOD. See attached measured geolo3,ical section in Evl channel

(DS).

9. Describe any other geologic conditions affecting the water control
structures.

Unless positive cutoff would except underseepage in valley gravels

(basal).

MRK , 2
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10. in your opinion, is there anything about the geology that warrants
special consideration in deciding whether or not to perform a more
detailed investigation? (X) Yes ( ) No
If yes, why? Also, what specific questions do you feel the investiga-

tion should attempt to resolve? Considerable abutment seepage (40o0+

gpm, Rt and not estim. Lt). Should correlate flows.T s th ,.'Pirg ind

monitor continually. Right abutment (seeoae) should be grnurtpe

Should also check underseepage usina alluvial and bpdrorck P7'.

MRK G 3
4
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LlYDROLOGIC AND HYDRAULIC ANALYSIS ME'TiiODILOGY

I. The hydrologic analysis is based on applying a design storm to
a unit hydrograph to obtain the inflow hydrograph for the reservoir routing.
The unit hydrograph is developed using Snyder's method outlined in
Ell 1110-2-1405 (Flood ilydrograph Analyses and Computations). The design
storm for those dams in the high hazard potential category is derived
from the probable maximutm precipitation as determined from regional charts
prepared by the National Weather Service in "Hlydrometeorological Report
No. 33." A 24-hour storm duration is assumed with the 24-hour rainfall
amounts reduced to six-hour values in accordance with procedures outlined
in Eli 1110-2-1411 (SPF Determination). The maximum six-hour rainfall is
reduced to smaller time increments based on a storm distribution as pro-
posed by the SCS in their hydrology handbook. The remaining six-hour
rainfall amounts are divided into equal values corresponding to the unit
hydrograph duration. Runoff values are obtained by reducing the rainfall
amounts by applicable initial and infiltration losses. The Probable
Maximum Flood (1PMF) hydrograph is derived by applying the runoff values
to the unit hydrograph. The resulting PMUF hydrograph is then used as the
inflow hydrograph for a reservoir routing.

2. The reservoir routing is accomplished by using a standard routing
technique wherein the flood hydrograph is routed through lake storage.
Hydraulic capacities of the outlet works, spillway, and crest of dam are
used as outlet controls in the routing. Storage in the pool area is
defined by an elevation-capacity curve. The hydraulic capacity of the
outlet works, spillway, and top of dam are defined by elevation-discharge
curves. The program offers several options for development of the above
curves.

3. If the dam is overtopped by the PzNF hydrograph, the PX' hydro-
graph ordinates are incrementally reduced by ten percent until the dam is
no longer overtopped. This computation determines the percentage of the
PI1r hydrograph that can be routed through the reservoir without the dam
being overtopped.

~j



Waukomis Lake

Basin Descrit ion. Waukomis Lake is located on an unnamed tribu-
tary to Line Creek in Section 17, Rango 33 West. Tow-iship 51 North,
1 -nile east of Platte Woods. Missouri. From a UISGS topographic
map the drainage area is 1.9 square milcs with a nor:ial lako area
of 80 acres. The total Lngth of the basii is 2.0 miles ",ith an
average width of 1.0 mile. The topography of the area is charactcr-
ized by relatively steep hills with about 30 percent of the area
urbanized, 20 percent timbered, and 50 percent in grass land.
The entire perimeter of the lake is occupi.-d by resi,ontial hous-
ing. Eblvations in the basin range from 1080 ft., m.s.l., at
the headwaters to 880 ft., m.s.l., at the dam, resulting in an
average slope of 130 feet per mile. Runoff from the aria wikl
reach the lake relatively fast due to the degree of urbanizat ion
and the number of tributaries feeding the lake.

From the standpoint of dam safety, the hydrologic design of the
dam aims at avoiding overtopping. Overtopping is especially
dangerous for an earth dam because the downrash of water over
the crest will erod:. the dam face and, if continued Long enough,
will breach the dam embanlznent and release all the stor.?d katers
suddenly into the downstream flood plain. The safe hydrologic
design of a dam calls for a spillway discharge capabiLity, in
combination with an embanknent crest heigrht. C that can handle a
very large and exceedingly rare flood without overtopping the
embanlment.

The technical hydrologic analysis for ; aukomis Lake is pr-sented
on Plates 1 through 4. As shown on Plate 4, the dam is overtopped
by 1.3 feet by the PMF event, with a total duration of averflow
of about 3 hours. Information on Plate 4 also indicatos that the
embankuent can contain an event equal to appro,:inately 70 percent
of the PMF.
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Photography Log

National Dam Inspection Program

Lake Uaukomis
Platte County, Missouri
28 June 1978

Roll 26
Photo No. I - DS embankment from Right abutment

2 - Top of dam from Right abutment
3 - US embanknent from Right abutment
4 - SW - DS from lake on center line
5 - SW - DS from first C3 DS
6 - SW - US from DS end of slab
7 - SW. - DS from DS end of slab
8 - SW - DS end slab from Right DS
9 - S1.1 - plunge pool face

10 - SW - DS channel from plunge pool "L"
11 - Limestone with solutioned joints Right Su with base

estimated 2-3' below top of dam
12 - Right abutment point seepage 400+ gpm
13 - DS from center top of dam
14 - Right US lake view
15 - Left US lake view

16 - Top of dam from Left abutment (Bob and Ron on slide frac)
17 - US face from Left abutment
18 - DS embankment from Left abutment
19 - DS embankment from toe of dam (center)
20 - DS embankment thru seepage at left center
21 - DS seepage left abutment

Roll 27
Photo No. I - Typical riprap
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